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BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a catalyst for polymerizing an olefin and a process for preparing a polyolef in. In par- 
ticular, the present Invention relates to a catalyst having a superior copolymerizability and a process for preparing a 
polyolef in having a proper molecular weight and a high content of comonomer. and particularly; a linear low density pol- 
10 yethylene obtained by using the catalyst of the invention. 

Prior Art 

Many reports have been published concerning a process for preparing a polyolef in with a metallocene catalyst. For 
IS example, in Japanese Patent Publication (Unexamined) No. Sho 58-19309(1983), a process for producing a polyolefin 
by using a metallocene catalyst and aluminoxane is disclosed. However, this method, namely, copolymerization of eth- 
ylene and an a-olef in performed with a system using bis(cyclopetadienyl) zirconium dichloride and methyl aluminoxane 
provides a polymer having a low molecular weight and a low content of a-olef in. In Japanese Patent Publication (Unex- 
amined) No. Hei 1 -502036(1 989). It is disclosed that ethylene-a-olef in copolymerization by using a metallocene catalyst 
20 and a boron compound, for example, bis(pentamethyl cyclopentadienyl)dimethyl zirconium and tri(n-butyl)ammonium 
tetra(pentaf luorophenyl) borate, is performed, but only a copolymer having a low molecular weight and a low content of 
a-olefin is obtained. 

On the other hand, in Japanese Patent Publication (Unexamined) Hei No. 3-163088(1991). it is disclosed that eth- 
ylene-a-olefin copolymerization is performed by using (tert-butylamide)dimethyl(tetra methyl-r|^-cyclopentadienyl) 

25 silane titanium dichloride. but as a result, a polymer having a higher molecular weight than an ethylene-a-olefin copol- 
ymer prepared by the metallocene catalyst as desaibed above is obtained. However, this is still insufficient. In Japa- 
nese Patent Publication (Unexamined) No. Hei 6-49120(1994), it is disclosed that ethylene-a-olefin copolymerization is 
performed by using bis(2,3,4,5-tetramethylphosphoryl) zirconium dichloride but a polymer having a low molecular 
weight, a broad molecular weight distribution and a high melting point is still provided. As described above, etiiylene-a- 

30 olefin copolymers obtained by the use of a conventional metallocene catalyst have a low molecular weight 

SUMMARY OF THE INVENTION 

It Is an object of the present invention to provide a catalyst giving an olefin polymer having a high molecular weight 
3s and a process for producing a polyolefin by using the same. The use of term "olefin polymer" herein indicates botii a 
homopolymer of an olefin or a copolymer of an olefin with another olefin. 

The present invention relates to a catalyst component comprising a compound (A) described as follows, a catalyst 
system comprising the compound (A) and a compound (B) or the compound (A), tiie compound (B) and a compound 
(C) as main conrponents and a process for producing an olefin polymer by using these catalyst systems. 

40 

Compound(A): a transition metal compound represented by tiie general formula (1) having at least one of a 
cydopentadienyl group or a substituted cyclopentadienyl group and at least one of a cyclic ligand containing a het- 
ero atom and having a delocalized n bond. 
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wherein M represents an element of the Third Group, tiie Fourtii Group or lantiianide series in tiie Periodic Table. 
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each of and independentiy represents a hydrogen atom, a halogen atom, a hydrocarbon^^or a halogen- 
ated hydrocarbon group having 1 to 20 cartx>n atoms, wherein R^ and R^ may be substituted with a group contain- 
ing a nitrogen atom, a phosphorus atom, an oxygen atom, a sulfur atom or a silicon atom, all of R^ and R^ may be 
the same or different, groups R^ together with the carbon atoms to which they are attached, and generally adjacent 

5 to each other, may form a ring, generally a 5- or 6- membered ring, groups R^ together with the groups X to which 
they are attached, and generally adjacent to each other, may form a ring, generally a 5- or 6- membered ring, and 
R^ and R^ may be bonded together; substituent X indicates an element of the 13th Group, 14th Group or 15th 
Group in the Periodic Table, each substituent X may be the same or different but at least one substituent X is an 
element other than a carbon atom; Y Is a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 20 

10 carbon atoms; I. m and n are Integers. 1 ^1^3. 1 ^m^ and 0^n^2. and a is 0 orl : and when M is a metal of the 
third group or a lanthanide series element, I + m + n= 3 and when M is a metal of the Fourth Group, I + m + ns 4 . 

(B) : an organoaluminum compound selected from the following compounds: 

(B1): an organoaluminum compound represented by the general formula R^i^Z^^ 
IS (82) : a cyclic aluminoxane (B2a) having a structure represented by the general formula {'Al(R'^)-0-}c and/or a 

linear aluminoxane (B2b) having a structure represented by the general formula R^{-AI(R^-0-}c|AIR^2 

wherein R^, R'^ and R^ represent a hydrocarbon grojp having 1 to 8 carbon atoms. In the above general fbrmida, 
all of R'^ and all of R^ may be the same or different. Z is a hydrogen and/or a halogen, b is a number of 0 to 3, and 
20 c and d represent an integer of 1 or more. 

(C) : a compound fbmiing an Ionic complex by reacting with a transition metal compound. 

In this specification including the accompanying claims references to the groups of the Periodic Table are to be 
understood as follows: the Third Group corrprises scandium and yttrium; the Fourth Group comprises titanium, zirco- 
2s mm and hafnium; the 13th Group comprises boron; the 14th group comprises carbon and silicon: and the 15th Group 
comprises nitrogen and phosphorus. 

The present invention is further explained in detail as follows. 

Rgure 1 at the end of the description, is a flow chart drawing to aid the comprehension of the present invention and 
shows one of the representative emlaocfiments of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



1) The transition metal catalyst component for polymerizing an olefin. 
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In the present invention, the compound (A) is the compound represented by the general formula (1). 
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wher«n M represents an element of the Third Group, the Fourth Group or lanthanide series in the Periodic Table, each 
of R^ and R^ independently represents a hydrogen atom, a halogen atom, a hydrocarbon group or a halogenated 
hydrocarbon group having 1 to 20 cartx)n atoms, wherein R^ or R^ may be substituted with a group containing a nitro- 
gen atom, a phosphorus atom, an oxygen atom, a sulfur atom or a silicon atom, all of R^ and R^ may be the same or 
55 different, each of R^ and each of R^ may be bonded together to form a cyclic ring and R^ and R^ may be bonded 
together. X indicates an element of the 13th Group, 14th Group or 15th Group in the Periodic Table, each of X may be 
the same or different but at least one of five X's contains an element other than a carbon atom. Y is a hydrogen atom, 
a halogen atom or a hydrocarbon group having 1 to 20 carbons. I, m and n are integers, 1 ^1^3. l^m^S and 0^n^2 and 
a is 0 or 1 . When M is a metal of the Third Group or a lanthanide series element. U m -i- n= 3 and when M is a metal 
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of the Fourth Group, I + m + n= 4 . M In the compound (A) Indicates an element of the Third Group, th^^Rh Group, 
or the Lanthanide Series in the periodic table. The example of M includes a scandium or yttrium atom as a transition 
metal element of the Third Group in the Periodic Table; a titanium atom, a zirconium atom or a hafnium atom as a tran- 
sition metal element of the Fourth Group; a samarium atom or the like as a transition metal element of the Lanthanide 

5 Series. A titanium atom, a zirconium atom or a hafnium atom Is preferred. 

Each of and in the compound (A) Is a hydrogen atom, a halogen atom, a hydrocarbon group or a halogenated 
hydrocarbon group having 1 to 20 caitx)ns, which may be substituted with a group containing a nitrogen atom, a phos- 
phorus atom, an oxygen atom, a sulfur atom or a silicon atom, all of R** and R^may be the same or different, each of R^ 
and each of R^ may be bonded together to form a cyclic ring and R^ and R^ may be bonded together. 

10 The example of R^ and R^ Includes a fluorine atom, a chlorine atom, a bromine atom or an Iodine atom as a halo- 
gen atom, methyl group, ethyl group, n-propyl group, Isopropyl group, n-butyl group, Isobutyl group, s-butyl group, t-butyl 
group, n-pentyl group, neopentyl group, n-hexyl group, n-octyl group, phenyl group, benzyl group, trif luoromethyl group, 
trichtoromethyl group, pentaf luorophenyt groip, pentachlorophenyl group or the like as a hydrocarbon group or a halo- 
genated hydrocarbon group having 1 to 20 carbons. A hydrogen atom, methyl group, ethyl group, t-butyl group or n-butyl 

IS group Is preferred. 

Substituted groups containing a nitrogen atom, a phosphorus atom, an oxygen atom, a sulfur atom or a silicon atom 
include -NR^-, -m^, -PR^-, -FR^ -0-, -0R^°, -S-, -SR^\ -SiR^ V. "SiR^^a or the like. R^ R^ R®, R^ R^°, R^^ 
and R^^ are a hydrogen, a saturated hydrocartx)n, aryl and allyl group having up to 20 carbons, and these groups are 
unsubstituted or substituted, suitable substituents include hak)gen, for example fluorine or chlorine. 

20 The example of the group containing a nitrogen atom includes methylamino group, ethylamino group, n-pro- 
pylamino group, isopropylamino group, n-butylamino group, isobutylamino group, s-butylamino group, t-butylamino 
group, n-hexylamino group, n-octylamino group, phenylamino group, trifluoromethylamino group, pentafluorophe- 
nylamino group, dimethylamino group, diethylan^no group, di-n-propylamino group, diisopropylamino group, di-n- 
butylamino group, di-s-butylamino group, dl-t-butylamino group, di-n-hacylamino group, di-n-oc^amino group, diphe- 

25 nylamino group, bis(trif luoromethyi)amlno group. bis(pentaf luorophenyl)amlno group or the like. 

The example of the group containing a phosphorus atom includes methyfphosphino group, ethylphosphino group, 
n-propylphosphino group, isopropylphosphino group, n-butylphosphino group, isobutylphosphino group, s-butylphos- 
phino group, t-butylphosphino groiq^. n-hexylphosphino group, n-octylphosphino group, phenylphosphino group, trif- 
luoromethylphosphino group, pentafluorophenyl phosphino group, dimethytphosphino group, diethylphosphino group, 

30 di-n-propyl phosphino group, dilsopropylphosphino group, di-n-butylphosphino group, dilsobutylphosphino group, dl-s- 
butylphosphlno group, dl-t-butytphosphino group, di-n-hexylphosphino group, di-n-octytphosphino group, diphenylphos- 
phino group. bis(trifluoromethyl)phosphino group, bis(pentaf luorophenyl)phosphlno group or the tike. 

The example of the group containing an oxygen atom includes methoxy group, ethoxy group, n-propoxy group, iso- 
propoxy groups n-butoxy group, Isobutoxy group, s-butoxy group, t-butoxy group, n-hexoxy group, n-octoxy group, phe- 

35 noxy group, trifluoromethoxy group, pentafluorophenoxy group or the like. 

The example of the group containing a sulfur atom includes methylsutf Ide group, ethyisulflde group, n-propylsulf ide 
group, isopropylsutf ide group, n-butylsutf ide group, isobutylsulf ide group, s-butylsu!fide group, t-butyl sulfide group, n- 
hexylsulfide group, n-octylsuKkle group, phenylsuKide group, trifluoromethylsulflde group, pentafluorophenytsulfide 
group or the like. 

40 The example of the group containing a silicon atom includes dimethylsitylene group, diethylsilylene group, di-n-pro- 
pytsltylene group, dlisopropylsllylene group, di-n-butylsilylene group, diisobutylsllylene group, dl-s-butylsilylene group, 
di-t-butylsllylene group, di-n-hexylsllylene group, di-n-octylsilylene group, diphenylsilylene group, blstrlfluoromethylsi- 
lylene group, bispentaf luorophenylsilylene group, trimethylsilyl group, triethylsilyl group, tri-n-propylsilyl group, triisopro- 
pylsilyl group, tri-n-butylsityl group, triisobutylsilyl group, tri-s-butylsilyl group, tri-t-butylsilyl group, tri-n-hexylsilyl group, 

45 tri-n-octylsilyl group, triphenylsilyl group, tristrif luoromethytsilyl group, trispentafluorophenylsityl group or the like. A tri- 
methylsilyl group or diethylamino group is preferred. 

Examples of the llgand wherein each of R^ groups and each of R^ groups are bonded to form a cyclic ring in the 
compound (A) Include Indenyl group, t-butyllndenyl group, methyllndenyl group, dimethylindenyl group, tetrahydroinde- 
nyl group, methyltetrahydroindenyl group, f luorenyl group, methylf luorenyl group, dimethylf luorenyl group, t-butylfluore- 

50 nyl group, indolyl group, methylindolyl group, t-butylinddyl group, tetrahydroindotyl group, cari3azolyl group, 
methylcarbazolyl group, t-butylcarbazolyl group, phosphoindenyl group, methytphospholndenyl group, phosphofluore- 
nyl group, methylphosphof luorenyl group or the like. It is prefen'ed that indenyl group, f luorenyl group, indolyl group, car- 
bazolyl group, phosphoindenyl group, phosphof luorenyl group or the like Is formed. 

When R^ and R^ are bonded together, they can form a grouping - (CR^*2)x". •(SiR^^2)y- the like. R^^ and R^^ are a 
55 hydrogen, a saturated hydrocarbon, aryl and allyl group, having up to 20 carit)ons, and these groups are unsubstituted 
or substituted, and x and y are integers of 1 or more. 

The example of these groups includes methylene group, dimethylmethytene group, diphenylmethylene group, eth- 
. yiene group, tetramethylethylene groip. tetraphenylethylene group, sllylene group, dimethylsilylene group, diphenytsi- 
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lylene group, disitylene group, tetramethyldisilylene group, tetraphenyldisilylene group or the like^HRiethylsilylene 
group, ethylene group or methylene group is preferred. 

X in the compound (A) indicates an element of the 13th Group. 14th Group or 15th Group in the Periodic Table, 
each of X may be the same or different and at least one of the five X's contains an element other than a carbon atom. 
5 A boron atom, a nitrogen atom or a phosphorus atom is prefered and among them a nitrogen atom, or a phosphorus 
atom Is more prefen-ed. 

Y in the compound (A) is a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 20 carbons. The 
example of Y includes a fluorine atom, a chlorine atom, a bromine atom or an iodine atom as a halogen atom, and a 
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, phenyl group, benzyl group or the like as a 

10 hydrocarbon group having 1 to 20 carbons. Y is preferably a halogen atom or an alkyi group having 1 to 8 carbons. Most 
preferably Y is a chlorine atom. I, m and n in the compound (A) are integers and 1^i^3, 1^m^ and 0^n^2. When M 
is a metal of the Third Group or a Lanthanide Series element, 1 + m + n= 3 and when M is a metal of the Fourth Group, 
I + m + ns 4 . a is 0 or 1 . It is prefen-ed that n is 2. 

Examples of the above-mentioned compound represented as the compound (A) include cyclopentadienyl pyn-olyl 

75 titanium dichloride, cyclopentadienyl methylpyrrolyl titanium dichloride. cyclopentadienyl dimethylpyrrotyl titanium 
dichloride, cyclopentadienyl tetramethylpyrrolyl titanium dichloride, cyclopentadienyl t-butylpyn'olyl titanium dichloride, 
cyclopentadienyl di-t-butylpyrrolyl titanium dichloride. pentamethylcydopentadienyl pyrrolyl titanium dichloride, pentam- 
ethylcyclopentadienyl methylpyrrolyl titanium dichloride, pentanfiethylcyclopentadienyl dimethylpynrolyl titanium dichlo- 
ride. pentamethylcydopentadienyl tetramethylpyrrolyl titanium dichloride, pentamethylcydopentadienyl t-butylpyrrolyl 

20 titanium dichloride, pentamethylcydopentadienyl di-t-butytpyn-olyl titanium dichloride, indenyl pyrrolyl titanium dichlo- 
ride, indenyl methylpyrrolyl titanium dichloride, indenyl dimethylpyrrolyl titanium dichloride, indenyl tetramethylpyrrolyl 
titanium dichloride, indenyl t-butylpyn'olyl titanium dichloride, indenyl di-t-butylpyrrolyl titanium dichloride. cydopentadi- 
enyl indolyl titanium dichloride. cydopentadienyl mettryjindolyl titanium dichloride. cyclopentadienyl dimetiiylindolyl tita- 
nium dichloride, cyclopentadienyl t-butylindolyl titanium dichloride, cyclopentadienyl di-t-butylindolyl titanium dichloride, 

25 pentamethylcydopentadienyl indolyl titanium dichloride, pentamethylcydopentadienyl methylindoiyi titanium dichloride, 
pentamethylcydopentadienyl dimethylindolyl titanium dichloride, pentamethylcydopentadienyl t-butylindolyl titanium 
dichloride, pentamethylcydopentadienyl di-t-butylinddyl titanium dichloride, indenyl indolyl titanium dichloride. indenyl 
methylindoiyi titanium dichloride. indenyl dimetiiylindolyl titanium dichloride, indenyl t-butyltndolyl titanium dichloride. 
indenyl di-t-butylindolyl titanium dichloride, cyclopentadienyl tetrametiiyl phospholyl titanium dichloride, cydopentadi- 

30 enyl tetraphenyl phospholyl titanium dichloride, cyclopentadienyl phosphoindenyl titanium dichloride, pentametiiylcy- 
clopentadienyl tetrametiiyl phospholyl titanium dichloride, pentamethylcydopentadienyl tetraphenyl phospholyl titanium 
dichloride, pentamethylcydopentadienyl phosphoindenyl titanium dichloride, indenyl teta-amethyl phospholyl titanium 
dichloride. indenyl tetraphenyl phospholyl titanium dichloride. indenyl phosphoindenyl titanium dichloride and the like. 
Such Examples also indude methylenecyclopentadienyl pyrrolyl titanium dichloride. metiiylenecyclopentadienyl 

35 methylpyrrolyl titanium dichloride, methylenecydopentadienyl dimettiylpyrrdyl titanium dichloride, metirylenecydopen- 
tadienyl trimethylpyrrolyl titanium dichloride, metiiylenecyclopentadienyl t-butylpyrrolyl titanium dichloride, methylene- 
cyclopentadienyl di-t-butylpyn'olyl titanium dichloride, methylenetetrametiiylcyclopentadienyl pyrrolyl titanium 
dichloride, methylenetetramethylcyclopentadienyl methylpyn-dyl titanium dichloride. metiiylenetetramethylcyclopen- 
tadienyl dimethylpyrrolyl titanium dichloride, methylenetetramethylcyclopentadienyl trimethylpyrrolyl titanium dichloride, 

40 methylenetetrametiiylcydopentadienyl t-butylpyrrolyl titanium dichloride, metiiylenetetramethylcyclopentadienyl di-t- 
butylpyrrolyl titanium dichloride, methyleneindenyl pyrrolyl titanium dichloride. metiiyleneindenyl methylpyrrolyl titanium 
dichloride, methyleneindenyl dimethylpyrrolyl titanium dichloride, methyleneindenyl trimethylpyrrolyl titanium dichloride, 
methyleneindenyl t-butylpyrrolyl titanium dichloride. methyleneindenyl di-t-butylpyrrolyl titanium dichloride, methylene- 
cyclopentadienyl indolyl titanium dichloride, methylenecydopentadienyl methylindoiyi titanium dichloride, methylenecy- 

45 clopentadienyl dimethylindolyl titanium dichloride, methylenecydopentadienyl t-butylindolyl titanium dichloride, 
methylenecydopentadienyl di-t-butylindolyl titanium dichloride, methylenetetramethylcyclopentadienyl indolyl titanium 
dichloride, mettiylenetetramettiylcyclopentadienyl methylinddyl titanium dichloride, metiiylenetetramethylcyclopen- 
tadienyl dimetiiylindolyl titanium dichloride, metiiylenetetBmethylcydopentadienyl t-butylindolyl titanium dichloride, 
methylenetetrametiiylcydopentadienyl di-t-butytindolyl titanium dichloride. metiiyleneindenyl indolyl titanium dichloride. 

50 methyleneindenyl metiiylindolyl titanium dichloride. metiiyleneindenyl dimet^inddyl titanium dichloride, metiiyle- 
neindenyl t-butylindolyl titanium dichloride, methyleneindenyl di-t-butylindolyl titanium dichloride, metiiylenecyclopenta- 
dienyl trimethyl phospholyl titanium dichloride, methylenecyclopentadienyl ti'iphenyl phospholyl titanium dichloride, 
methylencyclopentadienyl phosphoindenyl titanium dichloride. methylenetetramethylcydopentadienyl trimethyl phos- 
pholyl titanium dichloride, metiiylenetetrametiiylcyciopentadienyl friphenyl phospholyl titanium dichloride, metiiylenete- 

55 tramettiylcydopentadienyt phosphoindenyl titanium dichloride. methyleneindenyl trimettiylphosphotyl titanium 
dichloride, methyleneindenyl ti^iphenytphospholyt titanium dichloride. metiiyleneindenyl phosphoindenyl titanium dichlo- 
ride and tiie like. 

Other examples are ethylenecydopentadienyl pyrrolyl titanium dichloride, etiiylenecyclopentadienyl methylpyn-olyl 
titanium dichloride. ethylenecydopentadienyl dimethylpynrolyl titanium dichloride, etiiylenecyclopentadienyl trimethyl- 
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pyrrolyl titanium dichloride. ethylenecyciopentadienyt t-butyfpyrrolyl titanium dichloride, ethylenecydo^Mffienyl di-t- 
butylpyrrolyl titanium dichloride. ethylenetetramethylcydopentadlenyl pyrrolyl titanium dichloride, ethylenetetramethyi- 
cydopentadienyl methytpyrrotyl titanium dichloride. ethylenetetramethytcyclopentadienyl dimethylpyrrotyl titanium 
dichloride. ethylenetetramethylcydopentadienyl trimethylpynrolyl, titanium dichloride. ethylenetetramethylcyclopenta- 

5 dienyl t-butylpyrrolyl titanium dichloride, ethylenetetramethyicydopentadienyt di-t-butylpyrrotyt titanium dichloride. ethyl- 
eneindenyl pyn'olyl titanium dichloride, ethyleneindenyl methyipyrrolyl titanium dichloride, ethyleneindenyl 
dimethylpyrrolyl titanium dichloride, ethyleneindenyl trimethylpyrrolyl titanium dichloride, ethyleneindenyl t-butylpyrrolyl 
titanium dichloride. ethyleneindenyl di-t-t>utytpyn'olyi titanium dichloride, ethylenecyctopentadlenyl indolyl titanium 
dichloride, ethylenecyclopentadienyl methylindolyt titanium dichloride. ethytenecyclopentadienyl dimethylindolyl tita- 

10 nium dichloride. ethylenecyclopentadienyl t-butytindolyt titanium dichloride, ethylenecyclopentadienyl di-t-butylindolyt 
titanium dichloride, ethytenetetramethylcydopentadienyl indolyl titanium dichloride, ethytenetetrametiiylcydopenta- 
dienyl methyiindolyi titanium dichloride. ethylenetetramethylcyclopentadienyl dimethylindolyl titanium dichloride. ethyl- 
enetetramethylcyclopentadienyl t-butylindolyl titanium dichloride, ethylenetetramethylcydopentadienyl di-t-butylindolyt 
titanium dichloride, ethyleneindenyl indolyl titanium dichloride, ethyleneindenyl methylindolyt titanium dichloride, ethyl- 

15 eneindenyl dimetiiytindolyl titanium dichloride, ethyleneindenyl t-butylindolyl titanium dichloride. ethyleneindenyl di-t- 
butylindolyl titanium dichloride, etiiylenecyclopentadienyl trimethyl phosphdyl titanium dichloride, ethylenecyclopenta- 
dienyl triphenyl phospholyl titanium dichloride, etiiylenecyclopentadienyl phosphoindenyl titanium dichloride, ettiylene- 
tetramethylcydopentadienyl trimethyl phospholyl titanium dichloride, ethylenetetramethytcydopentadienyl triphenyl 
phospholyl titanium dichloride. ethylenetetramethylcydopentadienyl phosphoindenyl titanium dichloride. ethyleneinde- 

20 nyl trimethylphospholyl titanium dichloride. etiiyleneindenyl triphenylphospholyl titanium dichloride. ethyleneindenyl 
phosphoindenyl titanium dichloride and tiie like. 

Additional examples are dimethylmetiiylenecyclopentadienyl pyrrolyl titanium dichloride. dimetiiylmethylenecy- 
dopentadienyi methyipyrrolyl titanium dichloride. dimethylmethylenecydopentadienyl dimethylpyrrolyl titanium cfichlo- 
ride, dimethylmethylenecyclopentadienyl trimetiiytpyrrolyl titanium dichloride. dimethylmethylenecydopentadienyl t- 

25 butylpyrrolyl titanium dichloride. dimethylmethytenecydopentadienyl di-t-butylpynrolyl titanium dichloride, 
dimethylmetiiylenetetramethylcydopentadienyl pyrrolyl titanium dichloride. dimethylmetiiyleneteti^amethyl- 
cydopentadienyl methylpynrolyl titanium dichloride. dimetiiylmethylenetetrametiiylcyclopentadienyl dimethylpyrrolyl 
titanium dichloride. dimethylmethylenetetramethylcydopentadienyl trimethylpyrrolyl titanium dichloride. dimetiiylmethyi- 
enetetramethytcyclopentadienyl t-butylpyn'olyl titanium dichloride, dimethytmethylenetetramethylcyclopentadienyl di-t- 

30 butylpyrrolyl titanium dichloride, dimethylmetiiyleneindenyl pyrrolyl titanium dichloride. dimethylmetiiyieneindenyi meth- 
yipyrrolyl titanium dichloride. dimethylmethyleneindenyl dimethylpyn'olyl titanium dichloride, dimettiylmetiiyleneindenyl 
trimethylpyn'olyl titanium dichloride, dimethylmethyleneindenyl t-butylpyrrolyl titanium dichloride, dimethylmethyle- 
neindenyl di-t-butylpynfolyl titanium dichloride, dimethylmethylenecydopentadienyl indolyl titanium dichloride. dimethyl- 
methylenecydopentadienyl metiiylindolyl titanium dichloride, dimethylmethylenecyclopentadienyl dimethylindolyl 

35 titanium dichloride. dimethylmethylenecydopentadienyl t-butylindolyl titanium dichloride. dimethylmethylenecydopen- 
tadienyl di-t-butylindolyl titanium dichloride. dimethylmetiiylenetetramethylcyclopentadienyl indolyl titanium dichloride, 
dimethylmethylenetetramethylcyclopentadienyl metiiylindolyl titanium dichloride, dimetiiylmetiiylenetetramethyl- 
cydopentadienyl dimethylindolyl titanium dichloride, dimethylmethylenetetramethylcydopentadienyl t-butylindolyl tita- 
nium dichloride, dimethylmethylenetetramethylcydopentadienyl di-t-butylindolyl titanium dichloride, 

40 dimethylmethyleneindenyl indolyl titanium dichloride, dimetiiylmethyleneindenyl methyiindolyi titanium dichloride. 
dimethylmethyleneindenyl dimethylindolyl titanium dichloride, dimethylmethyleneindenyl t-butyiindolyl titanium dichlo- 
ride, dimethylmethyleneindenyl di-t-butylindolyl titanium dichloride, dimethylmethylenecyctopentadienyl trimethyl phos- 
pholyl titanium dichloride, dimetiiylmetiiylenecyclopentadienyl triphenyl phospholyl titanium dichloride. 
dimethylmethytencyclopentadienyl phosphoindenyl titanium dichloride, dimethylmetiiylenetetramethylcyclopentadienyl 

45 trimethyl phospholyl titanium dichloride, dimetiiylmethylenetetrametiiyicyclopentadienyl triphenyl phospholyl titanium 
dichloride. dimethylmethytenetetrametirytcydopentadienyl phosphoindenyl titanium dichloride, dimetiiylmethyleneinde- 
nyl trimethylphospholyl titanium dichloride, dimethylmethyleneindenyl triphenylphospholyl titanium dichloride, dimethyl- 
methyleneindenyl phosphoindenyl titanium dichloride and the like. 

Other examples aredimetiiylsilylcyclopentadienyl pyrrolyl titanium dichloride, dimettiylsilylcyclopentadienyl methyl- 

so pyrolyl titanium dichloride. dimethylsllylcyclopentadienyl dimethylpyn'olyl titanium dichloride. dimethylsitylcydopentadi- 
ienyl trimetiiylpyrrolyl titanium dichloride. dimethylsilylcydopentadienyl t-butylpyrrolyl titanium dichloride. 
dimethylsilylcydopentadienyl di-t-butylpyn-olyl titanium dichloride. dimethylsilyltetramethylcyclopentadienyl pyrrolyl tita- 
nium dichloride, dimethylsilyitetramethylcyclopentadienyl methyipyrrolyl titanium dichloride, dimethylsilyltetramethyicy- 
clopentadienyl dimethylpyrrolyl titanium dichloride. dimethytsilyltetramethylcydopentadienyl trimetiiylpyrrdyl titanium 

55 dichloride, dimethylsilyltetramethylcydopentadienyl t-butytpyrroiyi titanium dichloride, dimethylsilyttetramethylcyc- 
lopentadienyl di-t-butylpyn'olyl titanium dichloride. dimethylsilylindenyt pyn^olyl titanium dichloride, dimethylsilytirdenyl 
methyipyrrolyl titanium dichloride, dimettiylsilylindenyl dimethylpyrrolyl titanium dichloride. dimeti\ylsilylindenyl trimeth- 
ylpyrrolyl titanium dichloride. dimethylsilylindenyl t-butytpyrrolyl titanium dichloride. dimethytsilylindenyl di-t-butylpyrrolyl 
titanium dichloride, dimethylsilylcydopentadienyl indolyl titanium dichloride. dimethylsitylcydopentadienyt metiiylindolyl 
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titanium dichloride. dimethylsilylcydopentadienyl dimethylindotyl titanium dichloride, dimethylsityl^lQDentadienyl t- 
butylindolyt titanium dichloride, dimethytsitylcyclopentadienyl di-t-butylindotyl titanium dichloride, dimethytsilyttetrameth- 
ytcydopentadienyl Indolyl titanium dichloride. dimethylsilyltetramethylcydopentadienyl methyiindotyi titanium dichlo- 
ride, dimethylsilyttetramethylcydopentadienyl dimethylindoiyi titanium dichloride. dimethytsilyftetramethyt- 
5 cydopentadienyl t-butytindolyl titanium dichloride, dimethylsilyttetramethyicydopentadienyl di-t-butylindolyl titanium 
dichloride. dimethylsitylindenyl indolyl titanium dichloride, dimethylsilyiindenyl methylindolyl titanium dichloride, dimeth- 
ylsilylindenyl dimethylindotyl titanium dichloride. dimethylsitylindenyl t-butylindoly) titanium dichloride. dimethylsilyiinde- 
nyl di-t-butylindolyt titanium dichloride, dimethylsilylcydopentadienyl trimethyl phospholyl titanium dichloride, 
dimetiiylsitylcyclopentadienyt triphenyl phospholyl titanium dichloride. dimethylsilylcydopentadienyl phosphoindenyl 
10 titanium dichloride, dimethylsilyltetrametiiylcydopentadienyl trimethyf phospholyl titanium dichloride. dimethylsllylte- 
tramethylcyciopentadienyl triphenyl phospholyl titanium dichloride, dimethylsilyltetrametiiylcyctopentadienyl phosph- 
oindenyl titanium dichloride, dimethylsilyiindenyl trimethylphospholyl titanium dichloride. dimethylsilyiindenyl 
triphenytphospholyl titanium dichloride, dimethylsilyiindenyl phosphoindenyl titanium (fichloride and the like. 

Additional examples include cydopentadienyl pyrrotyt zirconium dichloride. cydopentadienyl methylpynrolyl zirco- 
IS nium dichloride, cydopentadienyl dimethylpyn'olyl zirconium dichloride, cydopentadienyl tetrametiiylpyrrolyt zirconium 
dichloride, cydopentadienyl t-butylpyrrolyl zirconium dichloride, cydopentadienyl di-t-butylpyn'olyl zirconium dichloride. 
pentamethylcyclopentadienyl pyrrolyl zirconium dichloride. pentamethylcydopentadienyl methylpyrrolyl zirconium 
dichloride, pentamethylcydopentadienyl dimethylpynrolyl zirconium dichloride. pentamethylcydopentadienyl tetrameth- 
ylpyrrolyl zirconium dichloride, pentamethylcyclopentadienyl t-butylpyrrolyl zirconium dichloride, pentamethylcyclopen- 
20 tadienyl di-t-butylpyrrolyl zirconium dichloride, indenyl pyrrolyl zirconium dichloride, indenyl methylpyrrolyl zirconium 
dichloride. indenyl dimethylpyn'olyl zirconium dichloride, indenyl tetramethylpyrrolyl zirconium dichloride. Indenyl t- 
butylpyrrolyl zirconium dichloride. indenyl di-t«butylpyrrotyl zirconium dichloride. cydopentadienyl indolyl zirconium 
dichloride, cydopentadienyl metiiylinddyl zirconium dichloride, cydopentadienyl dimetiiylindotyl zirconium dichloride. 
cydopentadienyl t-butylindolyl zirconium dichloride, cydopentadienyl di-t43uty1indolyl zirconium dichloride, pentameth- 
25 ylcyclopentadienyt indolyl zirconium dichloride. pentamethylcydopentadienyl metiiylindolyl zirconium dichloride. pen- 
tametiiylcyclopentadienyl dimethylindoiyi zirconium dichloride, pentamethylcyclopentadienyl t-butylindolyl zirconium 
dichloride. pentamethylcydopentadienyl di-t-butylindolyl zirconium dichloride, indenyl indolyl zirconium dichloride. inde- 
nyl methylindolyl zirconium dichloride. indenyl dimethylindotyl zirconium dichloride, Indenyl t-butylindolyl zirconium 
dichloride, indenyl di-t-butylindolyl zirconium dichloride. cydopentadienyl tetramethyl phosphdyl zirconium dichloride, 
30 cydopentadienyl tetraphenyl phospholyl zirconium dichloride. cydopentadienyl phosphoindenyl zirconium dichloride, 
pentamethylcyclopentadienyl tetramethyl phospholyl zirconium dichloride, pentamethylcydopentadienyl tetraphenyl 
phospholyl zirconium dichloride, pentamethylcyclopentadienyl phosphoindenyl zirconium dichloride, indenyl tetrame- 
thyl phospholyl zirconium dichloride, indenyl tetraphenyl phospholyl zirconium dichloride, indenyl phosphoindenyl zirco- 
nium dichloride and the like. 

3S Additional examples Include methylenecydopentadienyl pyrrolyl zirconium dichloride, metiiylenecydopentadienyl 
methylpyrrolyl zirconium dichloride. methylenecydopentadienyl dimetiiylpyrrdyl zirconium dichloride. methylenecy- 
dopentadienyl trimetiiylpyrrolyl zirconium dichloride, methylenecydopentadienyl t-butylpyrrolyl zirconium dichloride, 
methylenecydopentadienyl di-t-butylpyn-olyl zirconium dichloride, methyleneteti'ametiiylcyctopentadienyt pyrrolyl zirco- 
nium dichloride, methylenetetramethylcydopentadienyl methylpynrolyl zirconium dichloride, methylenetetramettiylcy- 

40 clopentadienyl dimetiiylpyrrolyl zirconium dichloride, methylenetetrametiiylcydopentadienyl trimetiiylpyrrolyl zirconium 
dichloride, metiiyleneletramethylcydopentadienyl t-butylpyrrolyl zirconium dichloride, mettiylenetetramethylcyclopen- 
tadienyl di-t-butylpyrrolyl zirconium dichloride. methyleneindenyl pyn-dyi zirconium dichloride, methyleneinderryl meth- 
ylpyrrolyl zirconium dichloride, methyleneindenyl dimetiiylpyrrolyl zirconium dichloride, methyleneindenyl 
trimethylpyn'olyl zirconium dichloride, methyleneindenyl t-butylpyrrotyl zirconium dichloride, metiiyleneindenyl di-t- 

45 butylpyrrolyl zirconium dichloride, methylenecydopentadienyl indolyl zirconium dichloride, metiiylenecydopentadienyl 
methylindolyl zirconium dichloride, metiiylenecydopentadienyl dimetiiylindotyl zirconium dichloride, methylenecy- 
dopentadienyl t-butylindolyl zirconium dichloride, methylenecydopentadienyl dl-t-butylindotyl zirconium dichloride, 
methylenetetrametiiylcydopentadienyl indolyl zirconium dichloride, metiiytenetetramethylcyctopentadienyt methylin- 
dolyl zirconium dichloride, methylenetetramethylcyclopentadienyl dimethylindoiyi zirconium dichloride, mettiylenete- 

50 trametiiylcyclopentadienyl t-butylindolyl zirconium dichloride, methylenetetramethylcyclopentadienyl di-t-butylindolyl 
zirconium dichloride. metiiyleneindenyl indolyl zirconium dichloride. methyleneindenyl metiiylindolyl zirconium dichlo- 
ride, metiiyleneindenyl dimethylindoiyi zirconium dichloride, metiiyleneindenyl t-butylindolyl zirconium dichloride, meth- 
yleneindenyl di-t-butylindolyl zirconium dichloride, metiiylenecydopentadienyl trimethyl phospholyl zirconium 
dichloride. metiiylenecydopentadienyl triphenyl phospholyl zirconium dichloride. metiiylenecydopentadienyl phosph- 

55 oindenyl zirconium dichloride. metiiylenetetramethylcydopentadienyl trimethyl phospholyl zirconium dichloride. methyl- 
enetetrametiiylcyclopentadienyl friphenyl phospholyl zirconium dichloride, metiiylenetetiBmethylcyclopentadienyl 
phosphoindenyl zirconium dichloride. methyleneindenyl trimethylphospholyl zirconium dichloride. metiiyleneindenyl 
triphenytphospholyl zirconium dichloride, metiiyleneindenyl phosphoindenyl zirconium dicNoride and tiie like. 
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Other examples include ethylenecyciopentadienyt pyrroiyi zirconium dichloride, ethyienecydopentSI^ methyt> 
pyrrolyl zirconium dichloride, ethylenecyclopentadienyl dimethylpynrolyl zirconium dichloride. ethylenecydopentadienyl 
trimethylpynrolyl zirconium dichloride, ethylenecyclopentadienyl t-butylpynrdyl zirconium dichloride, ethylenecydopen- 
tadienyl di-t-butytpyn^olyl zirconium dichloride, ethylenetetramethylcydopentadienyl pyn^otyl zirconium dichloride. ethyl- 
enetetramethylcyclopentadienyl methylpyrrolyl zirconium dichloride, ethylenetetramethylcydopentadienyl 
dlmethylpyrrolyl zirconium dichloride, ethylenetetramelhylcyclopentadienyl trimethylpyrrdyl zirconium dichloride, ethyl- 
enetetramethylcyclopentadienyl t-butylpyrrolyl zirconium dichloride. ethylenetetramethylcyclopentadienyl di-t-butytpyr- 
rolyl zirconium dichloride, ethyleneindenyl pyrrolyl zirconium dichloride, ethyleneindenyl methylpyrrolyl zirconium 
dichloride, ethyleneindenyl dlmethylpyrrdyl zirconium dichloride. ethyleneindenyl trimethylpynrolyl zirconium dichloride. 
ethyleneindenyl t-butylpyrrdyl zirconium dichloride, ethyleneindenyl di-t-butylpyn-dyl zirconium dichloride, ethylenecy- 
clopentadienyl indolyl zirconium dichloride, ethylenecydopentadienyl methylindolyl zirconium dichloride, ethylenecy- 
clopentadienyl dimethylindolyl zirconium dichloride, ethylenecydopentadienyl t-butylindolyl zirconium dichloride, 
ethylenecyclopentadienyl di-t-butylindolyl zirconium dichloride, ethylenetetramethylcydopentadienyl Indolyl zirconium 
dichloride. ethylenetetramethylcydopentadienyl methylindolyl zirconium dichloride. ethylenetetramethylcydopenta- 
dienyl dimethylindolyl zirconium dichloride. ethylenetetramethylcyclopentadienyl t-butylindotyl zirconium dichloride, 
ethylenetetramethylcyclopentadienyl di-t-butylindolyl zirconium dichloride, ethyleneindenyl Indolyl zirconium dichloride. 
ethyleneindenyl methylindolyl zirconium dichloride, ethyleneindenyl dimethylindolyl zirconium dichloride, ethyleneinde- 
nyl t-butyiindolyl zirconium dichloride, ethyleneindenyl dl-t-butylinddyt zirconium dichloride, ethylenecyclopentadienyl 
trimethyl phospholyl zirconium dichloride. ethylenecyclopentadienyl triphenyl phospholyl zirconium dichloride, ethyl- 
enecydopentadienyl phosphoindenyl zirconium dichloride. ethylenetetramethylcyclopentadienyl trimethyl phospholyl 
zirconium dichloride, ethyl enetetramethylcydopentadienyl triphenyl phospholyl zirconium dichloride. ethylenetetrame- 
thylcyclopentadienyl phosphoindenyl zirconium dichloride, ethyleneindenyl trimethylphospholyl zirconium dichloride. 
ethyleneindenyl triphenylphospholyl zirconium dichloride. ethyleneindenyl phosphoindenyl zirconium dichloride and the 
like. 

Additional examples are dimethylmethylenecydopentadienyl pyn'olyl zirconium dichloride, dimethylmethylenecy- 
clopentadienyl methylpyrrolyl zirconium dichloride, dimethyimethylenecyclopentadienyl dlmethylpyrrolyl zirconium 
dichloride, dimethylmethylenecydopentadienyl trimethylpynrolyl zirconium dichloride, dimethylmethylenecydopentadi- 
enyl t-butylpyrrolyl zirconium dichloride, dimethylmethylenecydopentadienyl di-t-butytpyrrolyl zirconium dichloride, 
dimethylmethylenetetramethylcyclopentadienyl pyn^olyl zirconium dichloride, dimethylmethylenetetramethyl- 
cydopentadienyl methylpyrrolyl zirconium dichloride, dimethylmethylenetetramethylcyclopentadienyl dimethylpyn-olyl 
zirconium dichloride, dimethylmethylenetetramethylcydopentadienyl trimethylpynrolyl zirconium dichloride. 
dimethylmethylenetetramethytcyd(^entadienyl t-butylpyn^olyl zirconium dichloride. dimethytmethylenetetramethyl- 
cydopentadienyl dl-t-butylpyrrolyl zirconium dichloride. dimetfiylmethyleneindenyl pyrolyl zirconium dichloride, dlmeth- 
ylmethyienelndenyl methylpyn'dyl zirconium dichloride, dimethylmethyleneindenyl dlmethylpyrrolyl zirconium 
dichloride. dimethylmethyleneindenyl trimethylpyrrolyl zirconium dichloride. dimethylmethyleneindenyl t-butylpyn^olyl 
zirconium dichloride. dimethylmethyl^eindenyl dl-t-butylpyrrolyl zirconium dichloride, dlmethyimethylenecydopentadi- 
enyl Indolyl zirconium dichloride. dimethylmethylenecyclopentadlenyt methylindolyl zirconium dichloride, dimethylmeth- 
ylenecyctopentadlenyl dimethylindolyl zirconium dichloride, dimethylmethylenecydopentadlenyl t-butyllndolyl zirconium 
dichloride, dimethylmethylenecyciopentadienyl di-t-butylindolyl zirconium dichloride, dlmethylmethylenetetramethyl- 
cydopentadienyl Indolyl zirconium dichloride, dimethylmethylenetetramethylcydopentadlenyl methylindolyl zirconium 
dichloride. dimethylmethylenetetramethylcyclopentadlenyl dimethylindolyl zirconium dichloride, dimethylmethyl enete- 
tramethylcydopentadienyl t-butylindolyl zirconium dichloride, dimethylmethylenetetramethylcydopentadienyl di-t-butyl- 
indolyl zirconium dichloride, dimethylmethyleneindenyl indolyl zirconium dichloride, dimethylmethyleneindenyl 
methylindolyl zirconium dichloride, dimethylmethyleneindenyl dimethylindolyl zirconium dichloride, dimethylmethyle- 
neindenyl t-butyllndolyl zirconium dichloride, dimethylmethyleneindenyl di-t-butylindolyl zirconium dichloride, dimethyl- 
methyienecyclopentadlenyl trimethyl phospholyl zirconium dichloride, dimethytmethylenecyclopentadlenyl triphenyl 
phospholyl zirconium dichloride, dimethylmethylencyctopentadlenyl phosphoindenyl zirconium dichloride, 
dimethylmethylenetetramethylcyclopentadlenyl trimethyl phospholyl zirconium dichloride, dlmethylmethylenetetrameth- 
ylcyclopentadienyl triphenyl phospholyl zirconium dichloride, dimethylmethylenetetramethylcydopentadienyl phosph- 
oindenyl zirconium dichloride, dimethylmethyleneindenyl trimethylphospholyl zirconium dichloride, 
dimethylmethyleneindenyl triphenylphospholyl zirconium dichloride, dimethylmethyleneindenyl phosphoindenyl zirco- 
nium dichloride and the like. 

Additional examples are dimethylsilylcyclopentadienyl pyn-olyl zirconium dichtoride, dimethylsilylcydopentadienyl 
methylpyrrolyl zirconium dichloride, dimethylsilylcydopentadienyl dlmethylpyrrolyl zirconium dichloride, dimethylsilytcy- 
dopentadienyl trimethylpyrrolyl zirconium dichloride, dimethylsilylcydopentadienyl t-butylpyrrolyl zirconium dichloride. 
dimethylsilylcydopentadienyl dl-t-t)utylpyrrolyl zirconium dichloride, dimethylsllyltetramethylcydopentadlenyl pyn^olyl 
zirconium dichloride, dimethylsilyltetramethylcyclopentadienyl methylpyrrdyl zirconium dichloride. dlmethylsllyltetrame- 
thylcyclopentadienyl dimethylpyn'olyl zirconium dichloride, dimethylsilyltetramethylcyclopentadlenyl trimethylpyrrolyl zir- 
conium dichloride, dimethylsilyltetramethylcydopentadienyl t-butylpyrrolyl zirconium dichloride. dimethyl- 
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siiyltetramethylcyclopentadienyt di-t-butytpyrroiyi zirconium dichloride. dimethylsilylindenyi pyrroiyi zfflRKm dichloride. 
dimethylsiiylindenyl methylpyrroiyi zirconium dichloride, dimethylsilylindenyi dimethyipyrrolyl zirconium dichloride, 
dimethylsilylindenyi trimethytpyn'oiyi zirconium dichloride. dimethylsilylindenyi t-butylpyrrolyl zirconium dichloride. 
dimethylsilylindenyi di-t-butylpyrrolyl zirconium dichloride, dimethylsilytcyclopentadienyl indolyl zirconium dichloride, 
dimethylsilylcyclopentadienyl methylindolyl zirconium dichloride, dimethylsilytcyclopentadienyl dimethylindolyl zirco- 
nium dichloride, dimethylsilylcyclopentadienyl t-butylindolyl zirconium dichloride, dimethylsilylcyclopentadienyl di-t- 
butylindolyl zirconium dichloride, dimethyisilyltetramethylcyclopentadlenyl indolyl zirconium dichloride, dimethylsilylte- 
tramethylcyclopentadienyl methylindolyl zirconium dichloride, dimethylsilyftetramethylcyclopentadienyt dimethylindolyl 
zirconium dichloride, dimethytsilyltetramethylcydopentadienyl t-butylindolyl zirconium dichloride. dimethylsilyltetrame- 
thylcyclopentadienyl di-t-butylindolyl zirconium dichloride, dimethylsilylindenyi indolyl zirconium dichloride, dimethylsi- 
lylindenyi methylindolyl zirconium dichloride, dimethylsilylindenyi dimethylindolyl zirconium dichloride, 
dimethylsilylindenyi t-butylindolyl zirconium dichloride, dimethylsilylindenyi di*t-butylindolyl zirconium dichloride. 
dimethylsilylcyclopentadienyl trimethyl phospholyl zirconium dichloride. dimethylsilylcyclopentadienyl triphenyl phos- 
pholyl zirconium dichloride. dimethylsilylcyclopentadienyl phosphoindenyl zirconium dichloride, dimethylsilyltetrameth- 
ylcydopentadienyl trimethyl phospholyl zirconium dichloride. dimethylsilyltetramethylcydopentadienyl triphenyl 
phospholyl zirconium dichloride. dimethylsilyltetramethylcyclopentadienyl phosphoindenyl zirconium dichloride, 
dimethylsilylindenyi trimethylphospholyl zirconium dichloride, dimethylsilylindenyi triphenylphospholyl zirconium dichlo- 
ride, dimethylsilylindenyi phosphoindenyl zirconium dichloride and the like. 




2) The catalyst system for polymerizing an olefin. 

As the organoaluminum compound (B) constituting the catalyst system for polymerizing an olefin with the above- 
mentioned transition metal compound (A) in the present invention, a well-kncwn organoaluminum compound can be 
used. As an example, the organoaluminum compound (B1) indicated by the general formula R^t^AIZs.), and the cyclic 
aluminoxane (B2a) having a structure Indicated by the general formula {-Al(R^)-0-}c and/or a linear alumlnoxane (B2b) 
having a structure indicated by the general formula R^{-Al(R^-0-}t, AIR^g . wherein R^ , R"* and R^ represent a hydro- 
carbon group having 1 to 8 carbon atoms, all of R^ and all of R^ may be the same or different, Z is a hydrogen and/or 
a halogen, b is a number of 0 to 3. and c and d represent an integer of 1 or more, can be exemplified. 

Examples of the organoaluminum compound (B1) indicated by the general formula P?i/AZ;^j^ include a triall^alu- 
minum such as trimethylaliminum, triethylaluminum, tri-n-propylaluminum, triisobutylaiuminum, tri-n-hexylalumlnum 
and the like; a dialkylaluminum chloride such as dimethylaluminum chloride, diethylaiuminum chloride, di-n-propylalu- 
minum chloride, diisobutylaluminum chloride, di-n-hexylaluminum chloride and the like; an alkylaluminum dichloride 
such as methylaluminum dichloride, ethylaluminum dichloride. n-propylaluminum dichloride, isobutylaluminum dichlo- 
ride, n-hexylaluminum dichloride and the like; a dialkylaluminum hydride such as dimethylaluminum hydride, diethylaiu- 
minum hydride, di(n-propy])aluminum hydrnle, diisobutylaluminum hydride, di(n-hexyl)aluminum hydride and the like. 
Trialkylaluminum is prefen'ed. trialkylaluminum having one or more branched alkyi group Is more prefen-ed and tri- 
isobutylaiuminum is most preferred. 

Next, examples of R"^ and R^ in the cyclic aluminoxane (B2a) having a structure indicated by the general formula {- 
AlCR'^j-O-Jc and/or a linear aluminoxane (B2b) having a structure indicated by the general formula R^{-AI(R^)-0-}d AIR^2 
indude an alkyl group such as methyl, ethyl, n-propyl, isopropyl, n-butyl. isobutyl, n-pentyl, neopentyt or the like, c and 
d are integers of 1 or more. An integer of 1 to 40 is preferred. More preferably, R^ and R^ are methyl or isobutyl and c 
and d are 3 to 20. As the above-mentioned aluminoxane, methylaluminoxane is specifically preferred. The above-men- 
tioned aluminoxane can be prepared with various methods, including those well known in the art. For example, the alu- 
minoxane can be prepared by contacting a solution of trialkylaluminum (for example, trimethylaluminum) In a suitable 
organic solvent (benzene, aliphatic hydrocarbon and the like) with water. 

As an another method, there is a method preparing it by contacting a trialkylaluminum (for example, trimethylalu- 
minum and the like) with a crystallized hydrate of a metal salt (for example, a hydrate of cupric sulfate ). 

In the present invention. In addition to the compound (A) and the compound (B), the catalyst system containing the 
compound (C) forming an ionic complex by reacting with the transition metal compound can be used. 

As the compound (C), any compound forming an ionic complex by reacting with a transitron metal compound 
formed by reacting the compound (A) and the compound (B) can be used. 

Preferably, it is a Lewis add which can turn the transition metal compound into a cation and become a non-coordinating 
anion corresponding to it or a compound represented by the general formula C'^A'( wherein is a cationic oxidizing 
agent by which the transition metal can be oxidized to become a cation and A' is a non-coordinating anion con-espond- 
ing to it) or a compound represented by the general formula (L-H)'^A' ( wherein L is a neutral Lewis base. (L-H)'*' is a 
BrOnsted acid by which the transitton metal can be oxidized to be a cation and A' is a non-coordinating anion conre- 
sponding to it). 

Preferably, the Lewis acid which can turn the transition metal conpound into a cation and become a non-coordinat- 
ing anion conresponding to it. a compound represented by the general formula C'^A' or a compound represented by the 
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general formula (L-H)^A' is a case of a boron compound. 
More preferably, it is a boron compound forming an ionic complex by reacting with a transition metal compound wherein 
the above-mentioned Lewis add is represented by the general fonnula BQ1Q2Q3, the compound represented by the 
general formula C^A* is represented by the formula C^(BQ^Q2Q3Q4)', and the compound represented by the general 
formula (L-H)*A" is represented by the formula (L-H)*(BQ^Q2Q3Q4)', wherein B is boron having tri-valent state. Qi . Q2. 
Q3 and 64 are a halogen atom, a hydrocarbon group having 1 to 20 cartx)n atoms, a hatogenated hydrocartx)n group 
having 1 to 20 carbon atoms, a silyl group having 1 to 20 cartx)n atoms, an alkoxy group having 1 to 20 cartx)n atoms, 
or an amide group having 1 to 20 carbon atoms, and Qi, Q2. Q3 and Q4 may be same or different. 

The example of the Lewis add which can turn the transition metal compound Into a cation and become a non-coor- 
dinating anion responded to it indudes tris(pentaftuorophenyl)borane. tris(2,3.5.6- tetrafluorophenyQborane. 
tris(2,3,4,5-tetrafluorophenyl)borane, tris(3,4,5-tr(fluorophenyl}borane» tris(2,3.4-trifluorophenyl)borane, phenylbls(pen- 
tafluorophenyl)borane and the like 
Tris(pentafluorophenyl)borane Is preferred. 

Besides, as the example of the compound represented by the general formula C'^(BQi 020304)' , the C"^ being a 
cationic oxidizing agent Indudes a ferrocenium cation, an alkyl-substituted ferrocenium cation, a silver cation, a triphe- 
nylmethyl cation and the like, and the (80^020304)' being a non-coordinating anion includes tetrakis(pentaf!uorophe- 
nyl)borate, tetrakis (2.3,5.6-tetrHflu orophenyl)borate, tetrakis(2.3.4.5-tetra fluorophenyl)borate, tetrakis(3.4,5- 
trifluorophenyl)borate. tetrakis(2,3,4-trlfluorophenyl)borate, phenyltris(pentafluorophenyl)borate, tetrakis(3,5-bistrlfluor- 
omethylphenyQborate and the like. These concrete combinations include ferrocenium tetrakis(pentafluorophe- 
nyl)borate, 1 . 1 '-dimethyifen-ocenium tetrakis(pentaf luorophenyI)borate, silver tetrakis(pentaf luorophenyi)borate, 
triphenylmethyl tetrakis(pentaf luorophenyQborate. triphenytmethyl t6trakis(3.5-bis trif luoromethyl phenyl)borat6 and the 
like, and triphenylmethyl tetrakis(pentafluorophenyOborate is preferred. 

As the example of the conpound represented by the general formula (L-hl)*(BQiQ2Q3Q4)', (L-H)'*' being a BrOn- 
sted acid includes trialkylammonium. N.N-dialkytanilinium, dialkylammonium. triarylphosphonium and the like and the 
(BQi Q2Q3Q4)' being a non-coordinating anion indudes the same descnbed above. The exannple of these combinations 
includes triethylammonium tetrakis(pentafluorophenyl)borate, tri(n-propyl)ammonium tetrakis(pentafluorophe- 
nyl}borate. tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium tetraki$(3,5-bistrif luorometh- 
ytphenyl) borate, N,N-dimethylanilinium tetraki8(pentafluorophenyQborate. N.N-diethylanllinium tetrakis(penta- 
fluorophenyl)borate, N,N-2.4,6-pentamethylanilinlum tetrakls(pentafluorophenyl) borate, N,N-dimethylanilinium tet- 
rakis(3,5-blstrlfluoromethytphenyl) borate, diisopropylammonium tetrakls(pentafluorophenyl)borate. dicyclohexylam- 
monium tetrakis(pentaf luorophenyl]borate, triphenytphosphonium tetrakis(pentafluorophenyl)borate. tri(methylphenyl)- 
phosphonium tetraki5(pentafluorophenyl) borate, tri(dimethylphenyl)phosphonium tetrakls(pentafluorophenyl) borate 
and the like. Tri(n-butyl)ammonlum tetrakis(pentafluorophenyl)borate or N,N-dlmethylanillnium tetrakis(pentafluorophe- 
nyl)borate is preferred. 

3) The process for produdng an olefin polymer 

In the present invention, as the polymerization catalyst (1) the above-mentioned compound (A) and the compound 

(B) or the compound (A) , the compound (B) and the compound (C) may be fed into a polymerization vessel with an arbi- 
trary order, or (2) the reacted matter obtained by contacting the above-mentioned compound (A) and the compound (B) 
or the compound (A), the compound (B) and the compound (c) in advance may be used. 

It Is desirable to use each component in order that concerning the amount used of each catalyst component in the 
method mentioned above, the compound (A) may be 0.0001-10 mmol/l per the capacity of the polymerization vessel, 
and preferably 0.001 -1 mmol/l. the compound (6) at Al atom conversion maybe 0.01 to 1000 mnftot/1 and preferable 0.1- 
lOOmmol/l. the compound (C) may be 0.0001 to 20 mmol/l and preferable 0.001 to 2mmol/l. the molar ratio of the com- 
pound (B)/the compound (A) may be 0.1 to 10000 and preferably 5 to 2000 , and the molar ratio of the compound 

(C) /the compound (A) may be 0.01 to 1000 and preferably 0.5 to 10. 

In the present invention, the monomer constituting the olefin polymer is one or more of olefins, and an a -olefin Is 
preferably used. The a-olefin is the one having 2-10 carbon atoms and the example indudes ethylene, propylene, 
butene-1, 4-methyl pentene-1, hexene-1. octene-1. vinyl cydohexane and the like. However, the present invention 
should not be limited to the above-mentioned compound. 

The polymerization method should not be limited. For example, a solvent polymerization or slun-y polymerization 
using an aliphatic hydrocarbon such as butane, pentane, hexane, heptane, octane and the like, an aromatic hydrocar- 
bon such as benzene, toluene and the like, or a halogenated hydrocarbon such as methylenechloride and the like as a 
solvent (liquid medium), a vapor phase polymerization in the gaseous monomer or the like is can be adopted and either 
of batchwise polymerization and continuous polymerization can be adopted. 

A polymerization temperature can select the range of -SO^'C to 250''C. but. in particular, the range of -20''C to lOO^'C 
Is preferred, and a polymerization pressure is preferably within the range of atmospheric pressure to 60 kg/cm^. A 
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polymerization time is generally determined appropriately considering the kind of the polymer air^BRd a reaction 
apparatus, and a range of 5 minutes to 20 hours can be taken. 

In the present Invention, a chain transfer agent such as hydrogen and the like In order to control a nnolecular weight 
of the polymer can be added. 

5 

EXAMPLE 

The present Invention Is illustrated in detail according to Exanrples and Comparative Examples as follows, but the 
present invention is not limited thereto. Properties of the polymer in Examples were measured by the following methods. 
10 a-olefin content was determined with tiie characteristic absorption of etiiylene and aolef in by using infrared spec- 
trophotometer (IR-810 manufactured by Nippon Bunkou Industry Ltd.) and was represented as the nunlber of short 
branched-chains per 1000 cart>on atoms(SCB). 

A molecular weight and a molecular weight distribution were determined by the fbllowing condition witii gel perme- 
ation chromatograph (150, C manufactured by Waters Company Lid.)- 
15 Column: TSK gel GMH-HT 

Measurement temperature was settled at 145°C 
Measurement concentration: lOmg/IOml-ODCB 
An Intrinsic viscosity [ti] was measured with Ubbelohde type viscometer at 130°C in tetralin solution. The bigger Is 
the value of intiinsic viscosity h], the molecular weight of tiie olefin polymer is tiie bigger. 
20 The structure of a complex and a ligand was confirmed witii ''H-NMR measurement (R-1500 manufactured by 
Hitachi Ltd.) and elemental analysis (CHN-0 rapid type manufactured by Elemental Company Ltd.). 

A measurement apparatus of a melting point (MP-S3 manufactured by \^naco Company Ltd.) was used for deter- 
mining a melting point. 

25 Example 1 

(1) Synthesis of cyclopetadienyl tetramethylpynrolyl zirconium dichloride 
(1-1) Synthesis of 2,3.4,5-tetramethylpyrrole 

30 

After a 1 liter of four-necked flask equipped witii a stirrer, a dropping funnel and a tiiermometer was substituted with 
argon. 31g(270mmol) of 3-methyl-2,4-pentanedione, 32g(490mmol) of zinc powder, 150ml of glacial acetic acid were 
fed and this slurry was kept at 60°C. A solution wherein 87 ml of glacial acetic acid was added to 25g(250mmol) of 2,3- 
butanedione-2-oxime, was transferred into the dropping funnel, and while regulating the temperature of flask at 60°C - 

35 SO^'C. 280 ml of purified water was added after heating this slunry under refluxlng for 1 hour. Steam was blown into tills 
mixed solution, and steam distillation was performed. A white solid obtained was filtered and subsequently, it was 
washed 2 times by using 100 ml of purified water and successively. 2 times by using 15 ml of hexane and was dried 
under vacuum at 45''C. 10 g of a white solid of 2,3,4,5-tet'ametiiytpyrrole(81 mmol) was obtained.(YiekJ 33 %) 
^H-NMR(C6D6) data of this white solid was shown as follows. 5 2.044 (s. 6H), 1 .956(8, 6H) 

40 The melting point of tills white solid was 115-11 &*C, 

(1-2) Synthesis of 2,3.4.5-tetramethylpyrrolyl lithium salt 

After a 100ml of four-necked flask equipped with a stin'er. a dropping funnel and a thermometer was substituted 
45 with argon, 0.66g (5.4mmol) of 2,3,4,5-tetramethylpyrrole, 30ml of diethyl ether were fed and tills solution was kept at 
S'^C. 3.4ml(5.4mmol) of n-butyllithium(1 .6 mol/l) diluted with hexane was dropped into the solution in the flask from the 
dropping funnel and was kept to be stirred for 1 hour at 5''C and for over night at room temperature. The slurry obtained 
was dried under vacuum and a wNte solid of 2,3.4,5-tetramethylpyrrolyl lithium salt was obtained. 

so (1-3) Synthesis of cyclopentadienyl teti^methylpyrrolyl zirconium dIchlorkJe 

After a lOOmi of four-necked flask equipped with a stin'er. a dropping funnel and a thermometer was substituted 
with argon. 1 .3g (5.0mmoO of cyclopentadienyl zirconium trichloride and 20ml of toluene were fed and tiiis was kept at 
•TO'C. This slurry was added slowly over a cannula to a slunry wherein 30ml of toluene was added to the above-men- 
55 tioned tetramethylpyrrolyl lithium salt(5.4mmol) to be k^ at -70^C. This slurry was kept to be stirred and a temperature 
was elevated from -70'*C to room temperature for over night. After elevating a temperature, a liquid was eliminated 
under vacuum and a solid was obtained. 30ml of pentane was added to this solid and a component soluble in pentane 
was extracted. By filtering the insoluble component, it was separated. By cooling the component soluble in pentane at 
-20''C, 120mg of a light-yellow cubic crystal of cyclopentadienyl tetramethylpyrrolyl zirconium dichloride was obtained. 
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Yield was 6.9%, 

^H-NMR (CgDe) data of this cubic crystal] was shown as follows. 

5 6.214 (s. 5H), 1 .995(s, 6H), 1.819(s. 6H) The result of a simultaneous elemental analysis of C,H.N of this cubic aystal 
was shown as follows. 
5 C: 44.3%, H: 5.0%, N: 4.0% 

The melting point of this cubic crystal was 1 1S-ISS^'C. 

(2) Copolymerization of ethylene with a-olef in 

10 After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon. 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
elevated to 60^*0. After temperature up. while regulating ethylene pressure at 6Kg/cm^. ethylene was fed and S.Ommol 
of methylaluminoxane (MMAO type 3A manufectured by Toso-Akzo Company Lid.) was cast in after the inner system 
became stable. Successively, a solution wherein 5.0 [imol of cydopetadienyl tetramethylpyrrolyl zirconium dichloride 

75 synthesized with the above-mentioned method was dissolved in 5ml of toluene was cast in. Polymerization was carried 
out for 60 minutes while regulating a temperature at 60^0. As a result of polymerization, ethyiene-hexene-1 copolymer 
having a comonomer content(SCB) of 1 4.6. an intrinsic viscosity (hD of 2.56 (dl/g). a nrtolecular weight(Mw) of 1 79000 
and a molecular weight distribution(Mw/Mn) of 2.2 was prepared with a yield of 1 .8x1 O^g per 1 mol of zirconium and 1 
hour. 

20 

Example 2 

(1) Copolymerization of ethylene with a-olefin 

25 After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon, 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
elevated to 60''C. After temperature up, while regulating ethylene pressure at 6kg/cm^. ethylene was fed and 1 .Ommol 
of triisobutylalumlnum was cast In after the inner system became stable. Successively, a solution wherein 5.0 ^imol of 
cydopetadienyl tetramethylpyrolyl zirconium dichloride synthesized with the method illustrated in Example 1 (1) was 

30 dissolved in 5ml of toluene was cast into it and subsequently, 15 ^mol of triphenylmethyl tetrakis(pen1afluorophenyt) 
borate was cast in. Polymerization was carried out for 60 minutes while regulating a temperature at 60°C. As a result of 
polymerization, ethylene-hexene-l copolymer having SCB of 13.0. of 3.61(dl/g), Mw of 251000 and Mw/Mn of 2.8 
was prepared with a yield of 1 .IxlO^g per Imol of zirconium and 1 hour. 

35 Example 3 

(1) Copolymerization of ethylene with a-olefin 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
40 argon, 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
elevated to eo^'C. After temperature up, while regulating ethylene pressure at 6kg/cm^, ethylene was fed and 1 .Ommol 
of triisobutylaluminum was cast in after the Inner system became stable. Successively, a solution wherein 5.0 ^mol of 
cydopetadienyl tetramethylpyrrolyl zirconium dichloride synthesized with the method illustrated in Example 1 (1) was 
dissolved in 5ml of toluene was cast in and 15 ^mol of triphenylmethyl tetrakis(pentafluorophenyl)borate was cast in 
45 after 10 minutes. Polymerization was carried out for 60 minutes while regulating a temperature at 60'^C. 

As a result of polymerization, ethylene-hexene-1 copolymer having SCB of 24.9 and [i]] of 3.1 7(dl/g) was produced 
with a yield of 1.4x10^g per Imol of zirconium and 1 hour. 

Example 4 

so 

(1) Copolymerization of ethylene with a-olefin 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon. 1 70 ml of toluene as a solvent and 30ml of hexene-l as a-olefin were fed and a temperature of the reactor was 
55 elevated to 60"C. After temperature up, while regulating ethylene pressure at 6kg/cm^. ethylene was fed and 1 .Ommol 
of triisobutylaluminum was cast in after the inner system became stable. Successively, a solution wherein 5.0 ^mol of 
cydopetadienyl tetramethylpynolyl zirconium dichloride synthesized with the method illustrated in Example 1 (1) was 
dissolved in 5ml of toluene was cast in and 15 ^ol of triphenylmethyl tetralds(pentafluorophenyi)borate was cast into 
it after 30 minutes. Polymerization was performed for 60 minutes while regulating a temperature at 60''C. 
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As a result of polymerization, ethytene-hexene-l copolymer having SCB of 25.4 and a high mol^ffiFwelght insoi- 
ut)le even in tetralin at 1 30''C was produced with a yield of 1 .3x1 O^g per 1 mol of zirconium and 1 hour. 

Example 5 

5 

(1) Copolymerization of ethylene with a-olefin 

After an autoclave having an inner volume of 400 ntl with a stin-er was dried under vacuum and substituted with 
argon, 170 ml of toluene as a solvent and 30ml of hexene-1 as a-o!efln were fed and the reactor was elevated to 80**C. 

TO After temperature up, while regulating ethylene pressure at 6kg/cm^, ethylene was fed and 1 .Ommol of triisobutylalumi- 
num was cast in after the inner system became stable. Successively, a solution wherein 5.0 ^imol of cyclopetadienyl 
tetramethytpyrrolyl zirconium dichloride synthesized with the method illustrated in Example 1 (1) was dissolved in 5ml 
of toluene was cast in and sut>sequently. 15 iimoi of triphenylmethyl tetrakls(pentafluorophenyl)borate was cast in. 
Polymerization was performed for 60 minutes while regulating a temperature at SO^C. 

15 As a result of polymerization, ethylene-hexene-1 copolymer having SCB of 13.1 and [id of 2.35(dl/g) was prepared with 
a yield of 2.9x1 O^g per 1 mol of zirconium and 1 hour. 

Example 6 

20 (1 ) Synthesis of pentamethylcyclopentadienyl tetramethylpynrolyl zirconium dichloride 

After a 100ml of fbur-ned^ed flasic equipped with a stin'er, a dropping funnel and a thermometer was substituted 
with argon. 1 .1g (3.3mmol) of pentamethylcyclopentadienyl zirconium trichloride and lOmi of toluene were fed and this 
slurry was kept at -70''C. Subsequently, this slurry was added slowly over a cannula to a slurry wherein 20ml of toluene 

25 was added to the tetramethyipyrrolyl lithium salt(3.3mmol) synthesized with the same method of Example 1 (1 -2) to be 
kept at -70**C. Under stirring of this slurry, a temperature was elevated from -70''C to room temperature for over night. 
After tenrperature up, a liquid was eliminated under vacuum and a solid was obtained. 30ml of pentane was added to 
this solkJ and a component soluble in pentane was extracted. By filtering the insoluble component, it was separated. By 
cooling the component so\\Mb in pentane at -20'*C. 240mg of a light-yellow cubic crystal of pentamethylcydopentadi- 

30 enyl tetramethyipyrrolyl zirconium dichloride was obtained. Yield was 1 7%. 
^H-NMR (CeDe) data of this cubic crystal! was shown as follows. 
8 2.034 (s, 15H), 1.956(S. 6H), 1.917(s. 6H) 

The result of a simultaneous elemental analysis of C.H.N of this cubic crystal was shown as follows. 
C: 51.4%, H: 6.6%. N: 3.3% 
35 The melting point of this cMc crystal was 1 80 - 1 87°C. 

(2) Copolymerization of ethylene with a-olef in 

After an autoclave having an inner volume of 400 ml with a stin'er was dried under vacuum and substituted with 
40 argon, 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a tenrtperature of the reactor w% 
elevated to eo^'C. After temperature up, while regulating ethylene pressure at 6kg/cm^, ethylene was fed and 0.6mmol 
of triisobutylalumlnum was cast in after the inner system became stable. Successively, a solution wherein 3.0 ^mol of 
pentamethylcyclopetadienyl tetramethyipyrrolyl zirconium dichloride synthesized with the method illustrated above was 
dissolved in 3ml of toluene was cast in and subsequently. 9.0 ^mot of triphenylmethyl tetrakis(pentaf tuorophenyl)borate 
45 was cast in. Polymerization was performed for 60 minutes while regulating a temperature at 60''C. 

As a result of polymerization, ethylene-hexene-1 copolymer having SCB of 13.4, [r\] of 5.67(dl/g). Mw of 425000 
and Mw/Mn of 3.5 was produced with a yield of 4.4x 10^g per Imol of zirconium and 1 hour. 

Example 7 

50 

(1) Copolymerization of ethylene with a-olefin 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon, 1 70 ml of toluene as a solvent and 30ml of hexene-1 as the a-defin were fed and a temperature of the reactor 
55 was elevated to 80''C. After temperature up. while regulating ethylene pressure at 6kg/cm^. ethylene was fed and 
0.6mmol of triisobutylaluminum was cast into after the inner system became stable. Successively, the solution wherein 
3.0 \mo\ of pentamethylcyclopentadienyl tetramethyipyrrolyl zirconium dichloride synthesized with the method illus- 
trated in Example 6 (1) was dissolved in 3ml of toluene was cast in and subsequently. 9.0 (xmol of triphenylmethyl tet- 
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rakis(pentaftuorophenyl)borat6 was cast in. Polymerization was perfbrmed for 60 minutes whO^^ulating a 
temperature at SO'^C. 

As a result of polymerization, ethylene-hexene-l copolymer having SCB of 14.1 and M of 3.16(dl/g) was produced 
with a yield of 3.6xl0^g per Imol of zirconium and 1 hour. 

5 

Examples 

(l)Synthesis of ethylene(1-lndenyl)(3-indolyOzirconium dichloride 

JO (1 -1 ) Synthesis of Indenyllithium salt 

After a 500ml of four-necked flask equipped with a stinger, a dropping funnel and a thermometer was substituted 
with argon, 25g(220mmol) of indene and 200 ml of diethyl ether were fed and this slun'y was kept at S^C. Successively, 
1 40ml (220mmol) of n-butyllithium (1 .6mol/l) diluted with n-hexane was dropped into a solution in the flask for 1 60 mn- 
15 utes from the dropping funnel. Tills slurry was kept to be stirred for 1 hour at 5*^0 and for over night at room temperature. 
This slurry was filtered, a solid provided was washed 2 times by using 150 ml of hexane and was dried under vacuum. 
24g of light yellow powder of indenyllithium salt was obtained. Yield was 89 %. 

(1-2) Synthesis of 1-(3-indolyl)-2-(1-indenyl)ethane 

20 

After a 300ml of four-necked flask equipped with a stinger, a dropping funnel and a thermometer was substituted 
with argon. 1 .6g (7.3mnftol) of 3-(2-bromoethyl)indole and 60ml of tetrahydrofuran were fed and this solution was kept 
at S^'C. A solution wherein 50ml of tetrahydrofuran was added to 2.8g(23mmol) of the indenyllithium salt synthesized as 
described above was dropped slowly Into a solution in the flask for 160 minutes from the dropping funnel, and was kept 
25 to be stirred for 30 minutes at S'C and for over night at room tenperature. From the greenish solution, a liquid was 
removed under vacuum and an oil was obtained. To this oil. 80ml of toluene and 20ml of purified water were added and 
a toluene layer was taken out by a separating funnel. 
Furthermore. 

it was extracted with 80ml and SOml of toluene and the toluene layer joined was washed with 50ml of purified water. The 
30 solvent of toluene layer obtained was concentrated under vacuum and 1 .8g of a cream-colored crystal of 1 -(3-indolyl)- 
2-(1-indenyl)ethane was obtained by cooling at -20°C. 

^H-NMR (CgDe) data of this crystal was shown as follows. 6 7.698 (m. 2H). 7.200(m). 6.487{s. 1H). 6.077(s, 1H). 
3.098(s.4H).2.151(s, 1H). 

35 (1 -3) Synthesis of 1 -(3-indoly1)-2-(1 -indenyl)ethanelrthium salt 

After a 500ml of four-necked flask equipped with a stin'er, a dropping funnel and a thermometer was substituted 
with argon, 2.2g(8.4mmol) of 1-(3-lndolyl)-2-(1-indenyl)ethane and 250 ml of toluene were fed and this solution was 
kept at 5''C. Successively. 1 1ml (17mmol) of n-butyllithium (1.6mol/l) diluted with n-hexane was dropped into the solu- 
40 tion in the flask for 1 0 minutes from the dropping funnel. This slurry was kept to be stirred for 1 hour at S^'C and for over 
night at room temperature. This slunry was filtered, a solid provided was washed with 30 ml of toluene and was dried 
under vacuum. 

2.0g of light yellow powder of 1-(3-indolyl)-2-(1-lndenyO ethanelithium salt was obtained. Yield was 88 %. 

45 (1 -4) Synthesis of ethy1ene(1-indenyl](3-indolyl) zirconium dchloride 

After a 200ml of four-necked flask equipped with a stiner, a dropping funnel and a thermometer was substituted 
with argon, 1.1g (4.1mmol) of 1-(3-indolyl)-2-(1-indenyO ethanelithium salt and SOml of tetrahydrofuran were fed and 
this slurry was kept at -70°C. Subsequently, a slurry wherein 30ml of tetrahydrofuran was added to 1 .8g(4.8mmol) of a 

^ complex of zirconium tetrachlorkJe with tetrahydrofuran and kept at -70''C was added sfowly over a cannula to the slurry 
in the flask. This slurry was kept to be stin'ed and a temperature was elevated from -70°C to room temperature for over 
night. After temperature up, a liquid was removed under vacuum and a solid was obtained. 50ml of toluene was added 
to this solid and a component soluble in toluene was extracted to be filtered. 30ml of dichloromethane was added to a 
residue, a component soluble in dichloromethane was extracted and an insoluble part was separated by filtering. A liq- 

55 uM was removed from the component soluble in dichloromethane under vacuum and 30mg of an orange-colored solid 
of ethylene(1 -indenyl)(3-indolyl) zirconium dichloride was obtained. Yield was 1.7%. 
H-NMR (CgDe) data of this orange-colored solid was shown as follows. 
5 7.932(m), 7.288(m). 6.380(8), 3.802(br). 3.118(br). 2.171(8), 1.389(br). 
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(2) Copolymerization of ethylene with a-ofefin 



Polymerization was performed in like manner as Example 6(2) except changing pentamethylcyclopentadlenyl 

tetramethylpyrrolyl zirconium dichloride to ethylene(1 •indenyl){3-indolyl) zirconium dichloride and changing a polymer- 
5 ization time to 10 minutes. As a result of polymerization, ethylene-hes^ne-l copolymer having SOB of 22.7, [ri of 
1.15(dl/g). Mw of 660(X) and Mw^Mn of 3.8 was produced with a yield of 2.4x1 o^g per 1mol of zirconium and 1 hour. 

Example 9 

TO (1 ) Copolymerization of ethylene with a-olef In 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon, 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
elevated to eo^'C. After temperature up, while regulating ethylene pressure at 6kg/cnf , ethylene was fed and O.Smmol 

IS of triisobutylaluminum was cast in after the inner system became stable. Successively, a solution wherein 1 .0 ^mol of 
ethylene (1-indeny0(3-indolyl) zirconium dichloride synthesized with the method illustrated in Example 8(1) was dis- 
solved in 2ml of toluene was cast In and subsequentiy, 3.0 of triphenylmethyl t6trakis(pentafluorophenyl)borate 
was cast in. Polymerization was performed for 60 minutes while regulating a temperature at 60^0. As a result of polym- 
erization, ethylene-hexene-1 copolymer having SCB of 12.8 and M of 1 .84(dl/g) was produced with a yield of 7.7x10^g 

20 per 1 mol of zirconium and 1 hour. 

Efflmple 1Q 

(1) Synthesis of ethylene(Mndenyl)(3-lndolyl) titanium dichloride 

25 

After a 100ml of four-necked flask equipped with a stin-er. a dropping funnel and a thermometer was substituted 
with argon, 0.35g (1 .3mmol) of 1-(3-indolyl)-2-(1-indenyl) etiianelithium salt and 20ml of toluene were fed and this slurry 
was kept at -70*'C. Subsequentiy, a slurry wherein 20ml of toluene was added to 0.47g(1 .4mmol) of a complex of tita- 
nium tetrachloride with tetrahydrofuran and kept at -70''C was added slowly over a cannula to tiie slurry in the flask. This 

30 slurry was kept to be stirred and a temperature was elevated from -70''C to room temperature for over night. After tem- 
perature up, a liquid was removed under vacuum and a solid was obtained. 30ml of dichloromethane was added to this 
solid and a component soluble in dichloromethane was extracted and an insoluble part was separated by filtering. By 
cooling tiie component soluble in dichloromethane at -20*'C, 28mg of a black solid of etiiylene(1-indeny1)(3-indolyl) tita- 
nium dichloride was obtained. Yield was 5.7%. 

35 ^H-NMR (CgDe) data of this black crystal was shown as follows. 5 7.600(m), 6.438(m), 5.882(br). 3.889(br). 2.942(br). 
2.161(s), 1.458(br). 

(2) Copolymerization of ethylene with a-olef in 

40 Polymerization was performed in like manner as Example 6(2) except changing pentamethylcyclopentadienyl 
tetramettiylpyn'olyl zirconium dichloride to etiiylene(1 -indenyl)(3-indolyl) titanium dichloride and changing a polymeriza- 
tion time to 60 minutes. As a result of polymerization, etttylene-hexene-l copolymer having SCB of 22.9. [ri of 
2.45(dl/g), Mw of 84000 and Mw/Mn of 2.6 was produced with a yield of 1 .7x10^g per Imol of titanium and 1 hour. 

45 Example 11 

(1) Copolymerization of etiiylene with a-olefin 

Polymerization was performed in like manner as Example 7 except changing pentamethylcydopentadienyi tetram- 
50 ethylpyrrolyl zirconium dichloride to ethylene(Mndenyl)(3-indolyl) titanium dichloride and changing a polymerization 
time to 60 minutes. As a result of polymerization, ethylene-hexene-l copolymer having SCB of 22.2 and [n] of 1 .62(dl/g) 
was prepared witii a yiekj of 4.7xl0^g per 1 mol of titanium and 1 hour. 

Comparative Example 1 

55 

(1) Copolymerization of etiiylene with a-olefin 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted witii 
argon. 1 70 ml of toluene as a solvent and 30ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
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elevated to 60°C. After tenperature up, white regulating ethylene pressure at 6kg/cm^, ethylene was fe^m O.Smnx)! 
of trilsobutyialuminum was cast in after the inner system became stable. Successively, a solution wherein 2.5 ^mol of 
dicyclopetadienyt zirconium dichloride was dissolved in 3ml of toluene was cast in and subsequently. 7.5 ^mol of triphe- 
nylmethyl tetrakis(pentafiuorophenyl)borate was cast in. Polymerization was performed for 60 minutes while regulating 
5 a temperature at 60*'C. 

As a result of polymerization, ethylene-hexene-1 copolymer having SCB of 19.9. [^] of 1.96(dl/g), Mw of 136000 
and Mw/Mn of 2.1 was prepared with a yield of 1.6x lO^g per 1mol of zirconium and 1 hour. 

Comparative Example 2 

10 

(1) Copolymerlzation of ethylene with a-olefin 

After an autoclave having an inner volume of 400 ml with a stirrer was dried under vacuum and substituted with 
argon, 195 ml of toluene as a solvent and 5ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 

15 elevated to eo^'C. After temperature up, while regulating ethylene pressure at 6kg/cm^, ethylene was fed and 0.25mmol 
of trilsobutyialuminum was cast in after tiie inner system became stable. Successively, a solution wherein 0.7 ^imol of 
etiiytenebisindenyl zirconium dichloride was dissolved in 3ml of toluene was cast in and subsequently. 2.0 ^mol of 
triphenylmettiyl t6trakls(pentafluorophenyl)borate was cast in. Polymerization was performed for 30 minutes while reg- 
ulating a temperature at 60°C. As a result of polymerization, ettiylene-hexene-1 copolymer having SCB of 31 .4 and [n] 

20 of 1 . 1 7(dl/g) was prepared with a yield of 4.9x 1 0^g per 1 mol of zirconium and 1 hour. 

Example 12 

(l)Syntiiesis of cyclopentadienyl(2,5-di-tert43utylpyrrolyO zirconium dichloride 

25 

(l-l)Synthesis of 2.2,7,7-telramelhyl-4.5-epoxyoctane-3.6<lione 

Into a 2 liter of fbur-necked flask equipped with a stinger and a thermometer, 30.3g(1 69mmoi) of 1 -bromopinacolone 
and 800 ml of diethyl etiier were fed and this solution was kept at 20'*C. Next, 25.8g(460mmol) of potassium hydroxide 

30 was added to the solution in the flask and the solution was stin-ed for 4 hours at a room temperature. Water of 700 ml 
at 5''C was added to thus reacted matter to divide Into an organic layer and aqueous layer. Diethyl ether of 300ml was 
added to tiie aqueous layer and the liquid of aqueous layer was divided into an organic layer and an aqueous layer. The 
liquid of organic layer was mixed with the previously obtained liquid of organic layer and tiie solvent was removed from 
the mixed liquid under a reduced pressure at SO^'C. 1 1 .9g (56 mmol) of yellow solid of 2.2.7.7-tetramethyl-4.5-epoxyoc- 

35 tane-3.6-dione was obtained. Yield was 66%. 

(1-2) Synthesis of 2.2.7.7-tetramethyi-4-octene-3,6-dione 

Into a 500ml of four-necked flask equipped with a stirrer and a reflux condenser. 1 1 .9g (56mmol) of 2,2,7,7-tetram- 
40 etiiyl-4.5-epoxyoctane-3,6<iione and 24.5g (14dmmol) of potassium Iodide were fed and 300ml of glacial acetic acid 
was added to these tiiereby obtaining a solution. After this solution was ref luxed for 5 hours, 1 500ml of water was added 
to tiie solution. Thus obtained solution was cooled to S'^C, and a precipitated solid was filtered. After tiie obtained solid 
was washed two times with 10ml of water, and was dissolved with 20ml of ethanol and was cooled to -20''C. After a 
crystal precipitated was filtered, ttie aystal was dried under a reduced pressure to obtain 2.7g (14 mmole) of yellow 
45 plate crystal of 2.2.7.7-tetramethyl-4-octene-3.6-dione. Yield was 24%. 
^ H-NMR (CeDe) data of this yellow crystal was shown as 1blk)ws. 
8 7.630 (S, 2H), 0.970(s,18H). 

(1-3) Synthesis of 2,2,7.7-tetramethytoctane-3.6<lione 

so 

Into a 200ml of four-necked flask equipped with a stirrer and a tiiermometer, 4.0g (20mmol) of 2,2.7,7-tetramethyl- 
4-octene'3,6-dione and 90m] of glacial acetic add was fed, and this solution was kept at 20''C. 3.2g (46 mmol) of zinc 
powder and 1 8 ml of water were added to tills solution and ttiis mixture was stirred over night at a room temperature to 
obtain a slurry. Pentane of 1 80 mi was added to ttiis slurry to divide into an organic layer and an aqueous layer. Pentane 
55 of 40 ml was added to tiie separated aqueous liquid and was stinted, and an organic layer was separated. This organic 
liquid and the previously obtained organic liquid were mixed, and tiiis liquid was washed 3 times with 135 ml of water, 
washed once with 135 ml of saturated sodium carbonate aqueous solution and tiien washed once witti saturated 
sodium chloride aqueous solution, and was dried with 5 g of sodium sulfate for one hour. Sodium sulfate was filtered 
from tiie liquid, and a solvent was evaporated from tiie liquid under a reduced pressure. 3.2g (16 mmol) of a transparent 
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oil of 2,2.7, 7-t6tramethyloctane-3.6-dione was obtained. YieW was 79%. 
^H-NMR (CeDg) data of this transparent oil was shown as follows. 
62.512(s.4H). 1.077{s,18H). 




5 (1-4) Synthesis of 2,5-di-tert-butylpynrole 

Into a 100ml of four-necked flask equipped with a stirrer, a condenser and a thermometer, 0.6g (3.0mmol) of 
2.2,7 J-tetramethyloctan6-3,6-dione and 1 .4g (18 mmol) of ammonium acetate were fed. and further. 35 ml of glacial 
acetic acid was added. This solution was refulxed for 6 hours. After cooling to a room temperature, 40 ml of pentane 
10 and 60 ml of water were added to the solution thereby to divide the solution into an organic layer and an aqueous layer. 
The liquid of organic layer was washed with 40 ml of water, and dried with sodium sulfate at -20*'C for over night. Sodium 
sulMte was filtered from the liquid, and a solvent was removed by evaporating from the liquid under a reduced pressure. 
0.4g (2.2 mmol) of yellow oil of 2,5-di-tert-butylpym)le was obtained. Yield was 74%. 
^H-NMR(C6D^ data of this yellow oil was shown as follows. 5 6.057(s, 1H). 6.009 (s, 1H). 1.223(s. 18H). 

15 

(1-5) Synthesis of 2.5-dl-tert-butytpyrrolyt lithium salt 

After a 200ml of four-necked flask equipped with a stirrer, a dropping funnel and a thermometer was substituted 
with argon, 3.7g (21 mmol) of 2.5-di-tert-t)utylpyn'ole, 100ml of hexane were fed and this solution was kept at TC. 
20 1 4ml(23 mmol) of n-butyllithium(1 .6 mol/1) diluted with hexane was dropped into the solution in the flask from the drop- 
ping funnel and was kept to be stirred for 1 hour at 5^C and for over night at room temperature. This reaction mixture 
was filtered, and the obtained white solid was washed 2 times with 30 ml of hexane and was dried under a reduced 
pressure to obtain 3.0 g of white solid of 2,5-di-tert-butylpyn-olyl lithium salt. The yield was 80 %. 

25 (1 -6) Synthesis of cyclopentadienyl(2.5-di-tert-butylpyrrolyO zirconium dichloride 

After a 200ml of four-necked flask equipped with a stirrer, a dropping funnel and a thermometer was substituted 
with argon, 0.7g (3.9mmol) of 2.5-di-tert-butylpyrrolyl lithium salt and SOml of toluene were fed to obtain a slurry and this 
was kept at -70''C. A toluene(30 ml) slurry of 1.1 g (4.0 mmol) of cyclopentadienyl zirconium trichloride prepared in 
30 another flask was added slowly to the slurry previously prepared, at -70°C. This slun'y was kept to be stirred and a tem- 
perature was slowly elevated from -70°C to room tenperature. After elevating a temperature, a liquid was eliminated 
under a reduced pressure and a solid was obtained. Pentane of SOml was added to this solid and a component soluble 
in pentane was extracted. By filtering the insoluble component, it was separated. By cooling the component soluble in 
pentane to 

35 -20^0, 160mg of a white crystal of cyclopentadienyl(2,5-di-tert-butylpyn'olyl) zirconium dtohloride was obtained. Yield 
was 10%. 

^H-NMR(C6D6) data of this white crystal was shown as follows. 5 6.634(s. 2H), 6.311 (s. 5H), 1.311(s, 18H). 



(2) Polymerization of etiiylene with a-def in 

40 

After an autoclave having an inner volume of 400 ml with a stin'er was dried under vacuum and substituted witii 
argon. 120 ml of toluene as a solvent and 80ml of hexene-1 as a-olefin were fed and a temperature of the reactor was 
elevated to 60*^0. After temperature up, while regulating etiiylene pressure at 6kg/cm^. etiiylene was fed and O.Smmol 
of b'iisobutylaluminum was cast in after tiie inner system became stable. Successively, a solution wherein 2.0 \imoA of 

45 cyclopentadienyt(2,5-di-tert-butylpyrolyi) zirconium dichtoride synthesized with the mettiod illustrated above was dis- 
solved in 5ml of toluene was cast in, and subsequentiy, 6.0 [ixw\ of triphenylmetiiyl tetrakis(pentaf luorophenyl)borat6 
was cast in. Polymerization was performed for 20 minutes while regulating a temperature at 60''C. 

As a result of polymerization, etiiytene-hexene-1 copolymer having SCB of 15.4, h] of 4.03(dl/g) was produced with 
a yield of 2.5x1 O^g per Imol of zirconium and 1 hour. 

so As described above in detail, according to the present invention, by using a catalyst system comprising (A) a tran- 
sition metal compound(A) represented by tiie general formula (1) and an organoaluminum compound(B) or (A). (B) and 
a compound(C) forming an ionic complex by reacting with a transition metal compound, an olefin polymer having a high 
molecular weight can be prepared. 



55 Clainfis 



1. A catalyst component for polymerizing an olefin comprising a transition metal compound (A) represented by tiie 
general formula (1) having at least one of a cyclopentadienyl group or a substituted cyclopentadienyl group and at 
least one of a cyclic ligand containing a hetero atom and having a delocalized n bond, 
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wherein M irxiicates an element of the Third or the Fourth Group or the Lanthanide Series in the Periodic Table, 
each of and independently represents a hydrogen atom, a halogen atom, a hydrocart)on or halogenated 
hydrocarbon group having 1 to 20 cartx)n atoms, wherein R^ and R^ are the same or different and may be substi- 

20 tuted with a group containing a nitrogen atom, a phosphorus atom, an oxygen atom, a sulfur atom or a silicon atom, 
groups R^ together with the carbon atoms to which they are attached, and generally adjacent to each other, may 
form a ring, generally a 5- or 6- membered ring, groups R^ together with the groups X to which they are attached, 
and generally adjacent to each other, may form a ring, generally a 5- or 6-membered ring and R^ and R^ may be 
bonded together; substituent X indicates an element of the 13th Group, 14th Group or 15th Group in the Periodic 

25 Table, each substituent X being the same or different and at least one substituent X being an element other than a 
carbon atom; Y is a hydrogen atom, a halogen atom or a hydrocaibon group having 1 to 20 cartx}n atoms; I, m and 
n are integers, such that 1^l^3. l^m^S and 0^n^2; a Is 0 or 1; and wherein if M is a metal of the Third Group or 
a Lanthanide Series element. Um + ns3 andrfMisa metal of the Fourth Group. I + m + n » 4 . 

30 2. A catalyst component according to daim 1 . wherein M is an element of the Fourth Group of the Periodic Table. 

3. A catalyst component according to claim 1 or 2, wherein Y is a halogen atom or an alky! group having 1 to 8 carbon 
atoms and n is 2. 

35 4. A catalyst component according to claim 1 . 2 or 3 wherein at least one sitetltuent X is a nitrogen atom or a phos- 
phorus atom. 

5. A catalyst system for polymerizing an olefin comprising: 

a transition metal compound (A) as claimed in any one of claims 1 to 4, and an organoaluminum compound (B) 
selected from: 

(B1) organoaluminum compounds of the general formula Pp^Z^^ and 

(82) cyclic aluminoxanes (B2a) of the general formula {-AI(R^)-0-}c and linear aluminoxanes (B2b} of the 
general fbrmula 



r5{-AI(R^O-}<iAIR52- 

wherein each of R^, R"^ and R^ independently represents a hydrocarbon group having 1 to 8 carbon atoms, all of 
R^ and all of R^ may be the same or different; Z is a hydrogen and/or a halogen; b is 0 to 3; and c and d represent 
an integer of 1 or more. 

6. A catalyst system according to daim 5, wherein the organoalunrtinum compound (81) is a trialkylaluminum com- 
pound. 

7. A catalyst system according to daim 5. wherein the linear aluminoxane (82b) is methylaluminQxane. 
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dain^s! 6 or 7 which further comprises a compound (C) which ft^Rn 



8. A catalyst system according to claim 5, 6 or 7 which further comprises a conpound (C) which fdnman ionic com- 
plex by reacting with a transition metal conpound is used in addition to the transition metal oompound(A) and the 
organoaluminum compound(B). 

5 9. A catalyst system according to daim 8, wherein compound (C) is a boron compound. 

10. A process for producing an olefin polymer which process comprises polymerising one or more olefins using a cat- 
alyst system according to any one of claims 5 to 9. 

10 1 1 . A process according to claim 1 0 wherein the olefin polymer Is linear low density polyethylene. 
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